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1 Introduction
This paper briefly reports on the completion of the first
phase of a project that began in 1991 to develop a prototype
computer system that could perform archaeofaunal ageing
from a set of sheep mandibles. The computer system uses
artificial intelligence models known as neural networks to
analyse images of mandibles to assess their degree of wear
and relative age (Gibson 1992a, 1992b, 1993).
In order to assess the performance of the computer
system in relation to its human counterpart a comparative
study that involved the analysis of a sample set of sheep
mandibles by archaeologists, non-archaeologists and the
computer system was undertaken. A overview of the results
is presented here.
2 Overview of the comparative study
Age at death data of common domestic ungulates can
be used to formulate an interpretation of the economy
and exploitation of the livestock on a site. A number of
approaches to age estimation are based on the analysis of
teeth attrition. The age of an animal can be estimated by
grouping its teeth into a set of wear stages based on the
amount of attrition. In general, older animals have a greater
degree of wear.
There are two commonly used methods of age estimation
using attrition, namely Payne (1973) and Grant (1982).
Payne has studied the wear stages of Anatolian sheep and
goats and as a result has devised a methodology for age
estimation. A more widespread study, that includes the
common ungulates of pig, sheep/goat and cattle, has been
undertaken by Grant.
Both methodologies concentrate on the third premolar
(m3 or dP4), the fourth premolar (P4) and the three
permanent molars (M1, M2, and M3). An archaeological
sample can be aged by comparing the wear pattern of each
tooth with the wear stages, in the form of ideograms,
outlined by either methodology. This analysis results in a
tooth wear stage value for each tooth. These values are then
used to produce a mandible wear stage value that represents
the relative age of the sample. Statistical analysis is then
carried out to group all mandibles on the site into relative
age stages which can be interpreted by examining the
kill-off patterns to suggest the method of animal husbandry
(Payne 1973).
It is the above process of analysing the mandibles to
determine age at death that has been implemented on a PC
using both traditional artificial intelligence techniques and
hybrid neural network models (see Gibson 1992a, 1992b,
1993). Neural networks are computing paradigms that
attempt to model the cognitive phenomena of the human
brain so that complex problems can be solved. In doing so,
they exhibit a number of intuitive characteristics such as
learning, generalisation and abstraction (see Wasserman
1989 for an explanation).
In order to establish the performance of the system a
number of willing participants have been asked to attribute
age to a set of mandibles using both Grant and Payne
methodologies. These results have then been compared with
each other and against the computer application. The aim
has been to study how different the results are between each
participant and between the computer system and the
participants in order to determine the degree of subjectivity
and accuracy. The analysis has been divided into two parts,
namely
– Human vs. Human Comparison
Establishes the inter-observer performance
– Human vs. Computer Comparison
Establishes the computer’s performance in relation to the
humans’ performance
Measuring the performance of humans provides a guide to
establishing the reliability of the computer system. In the
course of identifying the performance of human analysis a
number of interesting points have been highlighted
regarding the methodologies involved and the human’s use
of the methodologies.
The participants were a cross section of people with
varying degrees of archaeological experience. The set of
people also had a spread of experience in terms of the two
archaeofaunal ageing methodologies. A number of the
group are acknowledged experts in the use of the archaeo-
faunal techniques under study. In contrast, a number of the
group had never before used these techniques to age animal
remains. In all eleven participants undertook the study.
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Figure 1. The Participant’s Observed Wear Stage Values for Sample 2,
where true wear stage values for m3 is 7, M1 is 8, M2 is 8 and M3 is 9.
The sheep mandibles used for the comparative study
were taken from two sources. The first set was supplied by
the Environmental Archaeology Unit (EAU) at the
University of York with the assistance of Dr Keith Dobney.
The second set was kindly lent by Prof. Don Brothwell
from his own collection.
The aim of the selection of mandibles was to provide as
wide a range of wear stages, and teeth morphologies as
possible without overburdening the participants.
Consequently, a sample set of 22 mandibles was selected
that had a combination of missing teeth, unerupted teeth,
teeth in early stages of wear and teeth in moderate stages of
wear. A group of mandibles was selected that appeared to
be in the same state of wear. Finally, some teeth had been
subject to disease.
3 The human vs. human comparison
In order to carry out the comparative study a questionnaire
was designed to record the results of the participants’
analysis and to determine facts about the participant that
would be useful in the analysis, such as archaeological
experience, number of years using each methodology and
the preferred method. The participants were asked to age
each mandible in any order using both methodologies and
record the results on the questionnaire sheet. For teeth that
the participant could not record they were asked to use a ?
for unsure wear stages, X for present but unrecordable and
a - for missing teeth.
A computer database system using DATAEASE was
devised to record the results of the analysis. The source of
the data entered into the database was used to produce a
data file that could be analysed by another computer
program, written in QBASIC, that presented the results in a
manner that helped to answer the underlying objectives of
the study.
4 Devising a method for analysing the results
Before analysing the data the main objectives of the
analysis had to be made clear. To determine the perfor-
mance of the human participants a number of questions
needed to be addressed as part of the analysis, for example,
– Are some mandibles easier than others to age?
– Which are the most difficult mandibles and why?
– Which is the most difficult tooth in the set and in general
and why?
– Which is the wear stage that causes the most disagree-
ment and why?
– Are the experienced participants of the methodology
more consistent in their interpretation than those with
less experience?
– What are the factors that determine ease of observation?
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– Is there any relationship between the analysis of left and
right mandibles to ease of observation and general agree-
ment?
– Which of the methodologies provides the most consistent
results and why?
To answer the above questions it was necessary to establish
a means of objectively analysing all the results from the
participants. Keeping the objective of inter-observer
comparison in mind, it was obvious that a true wear stage
value for each measurement had to be used as a basis for
comparison. In other words, for each of the results recorded
there must be a real value by which to compare the actual
observed wear stages. This ‘true’ wear stage value can be
calculated using the mode of the participants results where
‘true’ effectively means ‘expected in this study’. By taking
the absolute value of the difference between the true wear
stage and the observed wear stage it was possible to
determine the amount of discrepancies between observers.
Figure 1 shows a subset of the actual results using the
Payne methodology illustrating discrepancies between
observers.
Using the calculated discrepancy it was possible to
determine the percentage agreement of tooth wear stages
and mandible wear stages across participants. In addition, it
was possible to rank the performance of the participants.
This formed the basis for determining the reliability of the
methodologies.
5 Analysing the data
At first glance the ranked results would appear to indicate
a range of difficulties in the analysis of teeth and
mandibles. On the whole both methodologies seem to
perform quite well in some areas and badly in others.
It is hard to objectively state what causes such difficulties.
Are they related to structure, colour, orientation of the
mandible; degree of experience of the participant, speed of
recording, lighting in the room at the time of analysis or to
the sequence in which the mandible was examined? These
questions may demand exact answers but only speculative
reasons can be given through examination of the teeth and
mandibles.
Firstly, there seems to be no real problem in identifying
the teeth types since there were no values in the teeth
columns that were invalid. Also, there is no evidence to
suggest a correlation between the percentage agreement and
a left or right mandible. In addition, the teeth that resulted
in the most agreement were those that were missing or
unerupted. All these facts suggest that the human is good at
recognising simple shapes and manipulating them in order
to achieve the requirements of the analysis. This may seem
an obvious statement to make but such tasks are very
complicated to implement using a computer. Therefore, a
machine must match this performance if it is to be of any
practical use.
The presence of calculus on the tooth does not appear to
affect observations provided it does not obscure any
important tooth structures that would differentiate wear
stages. Humans have the ability to ignore such ‘noise’ in
the analysis of surface patterns and structures, something
that a computer finds more of a problem. The only time that
it may affect results is when the calculus appears at a
transition point from one wear stage to another. 
A general observation for the overall percentage
agreement graphs is that there is less accuracy in the earlier
wear stages. Perhaps this is because 
1. there are more features to match, 
2. less distinction between wear stages since there are more
wear stages in the early years, or 
3. the enamel/dentine distinction is often harder to
determine. 
In contrast, there appears to be more accuracy in the later
wear stages. Well-worn stages seem to be easier to identify
perhaps because the features on the surface of the tooth are
simple. The smaller distinctions between wear stages are
more difficult to pick up. When the break is only partially
worn a discrepancy can occur. It appears that both
methodologies suffer from this problem. 
In general when the tooth does not fit a single wear stage
then the percentage agreement drops. The smaller the
transition between wear stages, the greater the disagree-
ment. Therefore, visual clues based on distinct structures
that are evident in the ideograms are an important element
in identifying wear stages. The clarity of the enamel/
dentine border is also important in the identification of wear
stages.
It appears that any disfigurement of the occlusal surface
of the tooth caused by a disease may affect the estimation
of a wear stage depending on the degree of deformation.
For example, one of the sample’s M3 teeth was slightly
deformed and the structure of the cusps was not as
represented in the ideograms. This made establishing a wear
stage rather difficult and was reflected in the percentage
agreement for both methods.
To establish the overall estimate of the agreement for
mandibles the average of agreements for the teeth of each
mandible was considered for both methodologies. On the
whole both the Payne and Grant faired similarly, with Grant
gaining better agreement than Payne on some occasions and
vice versa. However, the overall average agreement for
Payne was 70.4% and for Grant 69.1%. Figure 2 shows a
comparison of percentage agreement between Payne and
Grant approaches.
To determine whether experience had any bearing on the
analysis the participants were ranked for the results of
mandibles, and each tooth. Again, it can be stated that
experience has no real influence on the establishment of
age. This conclusion is gained by examining the experience
of individuals and noting where they rank in the group for
each tooth. The top five were not always the most
experienced.
Although this study has aimed to cover all aspects that
may lead to misinterpretation of results it obviously has not
been able to address all of them. There has been no consi-
deration to the sequence in which mandibles were analysed
to see if this had any influence on the results. The influence
of broken and partial teeth has not been fully addressed,
although they were considered in part. A larger group of
participants would perhaps provide a more general and
global view. Also, the effects of speed were not analysed. 
This study has shown that there is not always 100%
agreement in the results of observers. In addition, it has
suggested why there may be discrepancies in the data.
However, the main purpose of the study has been to
provide a set of data that can be compared to the computer
system to measure its performance.
6 The human vs. computer comparison
The key to the success of a neural network based system is
the reliability of the data that is presented to it during the
training stage of the system’s development. The testing of
the system is an integral part of its development and
requires data that contains representative examples of all
general cases that the neural network would be expected to
cope with during its active operational running. Therefore,
the system was trained using a series of images of
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mandibles with various degrees of wear. Once the system
had been trained the mandibles given to the participants
were presented to the computer and the results compared.
The system was measured against the participants and
found to have an overall performance of 65.2% agreement.
Of those results that did not match the system was only one
or two wear stages out from the participants agreement.
Like the human participants the system appeared to have
difficulty in assessing early wear stages whilst having
greater success with later stages. Again, this could be linked
to the smaller transitions in some of the early wear stages.
The performance of the system when faced with
disfigurement of the occlusal surface was equal to that of
the participants. It appeared to produce acceptable answers
on the basis of what it saw and what it had learnt.
By comparing the system’s performance to the overall
percentage agreement of the Payne and Grant methods the
result above is encouraging. However, we must be cautious
not to overestimate the success of the system. It is
important to note that in preparing the images for analysis,
effort was made to ensure that the mandibles were
presented in such a way that the system would not get
confused. The success of the system relies heavily on the
quality of the image. Giving the system images that had
mandibles in a bad orientation or obscured by calculus
deposits deteriorated the acceptability of the results. The
human overcomes this problem by moving the mandible
into the best position for analysis; something which is
difficult to implement using a computer.
It has been seen that the system does not perform well
when it is trained using a small number of examples,
typically ten. By increasing the number of training
examples the system shows greater tolerance to situations
that it has not seen before. In one session the system
was approaching a rate of 70% success in comparison to
the results expected with a training data set consisting of
50 images. However, too many training examples saturate
the system and its performance drops. Therefore, it is
questionable whether the system will perform much better
than currently measured without restructuring its basic
architecture.
7 Conclusion and future
The human vs. human comparative study has illustrated
that there is a degree of subjectivity in the analysis of age
estimation using both methodologies. It has identified some
areas where the subjectivity originates. Furthermore, it has
shown that although the comparative study was carried out
rigorously there are areas that the study has not been able to
address. Although, the study has taken a small number of
participants it has still been useful as a means of comparing
the computer system.
The human vs. computer comparative study shows that
given the correct conditions the system can perform
acceptably in relation to the human participant. However,
the human participants are still better adapted to under-
taking this type of subjective analysis.
The next stage of the project is well on the way to
implementing a system capable of interpreting kill-off
patterns of sheep in order to ascertain their exploitation.
Again, it will be necessary to undertake a comparative
study to determine the performance of the computer system
in terms of its human counterpart.
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Figure 2. Comparison of
percentage agreement of Payne
and Grant.
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